Purpose The literature on the anesthetic management of parturients with dwarfism is sparse and limited to isolated case reports. Pregnancy complications associated with dwarfism include an increased risk of respiratory compromise, an increased risk of Cesarean delivery, and an unpredictable degree of anesthesia with neuraxial techniques. Therefore, we conducted this retrospective review to evaluate the anesthetic management of parturients with a diagnosis of dwarfism. Methods We used a query of billing data to identify short statured women who underwent a Cesarean delivery during May 1, 2008 to May 1, 2013. We then hand searched the electronic medical record for qualifying patients with heights \ 148 cm and a diagnosis of dwarfism. The extracted data included patient demographics and obstetric and anesthetic information.
Results We identified 13 women with dwarfism who had 15 Cesarean deliveries in total. Twelve of the women had disproportionate dwarfism, and ten of the 15 Cesarean deliveries were due to cephalopelvic disproportion. Neuraxial anesthesia was attempted in 93% of deliveries. The dose chosen for initiation of neuraxial anesthesia was lower than the typical doses used in parturients of normal stature. Neuraxial anesthetic complications included difficult neuraxial placement (64%), high spinal (7%), inadequate surgical level (13%), and unrecognized intrathecal catheter (7%). Conclusions The data collected suggest that females with a diagnosis of dwarfism may have difficult neuraxial placement and potentially require lower dosages of local anesthetic for both spinal and epidural anesthesia to achieve adequate surgical blockade. Dwarfism is defined as an adult height of 148 cm or less. 1 It has multiple etiologies, including genetic, metabolic, and constitutional predisposition to short stature. 1 While there are many different etiologies of dwarfism, none of them are very common.
Résumé
1,2 Although women with some types of dwarfism are unable to conceive and bear children, advances in reproductive technologies have increased the occurrence of parturients with dwarfism in the labour and delivery suite. 3, 4 As dwarfism is heterogeneous with over 100 different classifications, it is difficult to make generalizations concerning anesthetic management of these parturients. 2 There are two major classifications of dwarfism-i.e., persons with either proportionate or disproportionate anatomy.
2 Dwarfism with proportionate anatomy is characterized by a normal trunk to limb ratio, and diagnosis is seen in patients with endocrine pathology, such as isolated growth hormone deficiency, chronic disease, and constitutional predisposition to short stature. 5, 6 Dwarfism with disproportionate anatomy is characterized by an abnormal trunk to limb ratio-i.e., the trunk is either short or long in relation to the limbs. 2 Achondroplasia is a form of dwarfism characterized by short stature with disproportionate growth.
Parturients with either proportionate or disproportionate dwarfism have an increased risk of Cesarean delivery compared with parturients without a diagnosis of dwarfism. Obstetric management of patients with proportionate dwarfism often necessitates surgical delivery due to cephalopelvic disproportion as well as cardiopulmonary compromise secondary to the impingement of a gravid uterus. 7 Cesarean delivery is more common in parturients with disproportionate dwarfism as their small pelvis often leads to malpresentation of the fetus or inadequate capacity to accommodate safe delivery of the fetus, which is often normal in size. 1 The short stature of this population can pose many anesthetic challenges, such as a difficult airway, cervical spine instability, and unpredictable analgesic and anesthetic levels with neuraxial blockade. 2, [8] [9] [10] Neuraxial blockade may be more technically challenging if spinal stenosis, lumbar hyperlordosis, and thoracolumbar kyphosis are present. 8, [11] [12] [13] [14] [15] Due to the large anatomical variation and heterogeneity of dwarfism, there are few guidelines regarding the anesthetic management of the parturient with dwarfism, and most reports in the literature are limited to isolated case reports of anesthetic management in a patient with a particular type of dwarfism. Historically, general anesthesia was the recommended and prudent anesthetic choice for Cesarean delivery in the parturient with dwarfism due to the unpredictable nature of neuraxial anesthesia. 7, 14 We report the anesthetic management of a retrospective series of 13 parturients with a diagnosis of dwarfism who underwent 15 deliveries in total via Cesarean delivery.
Methods
The University of Illinois Hospital and Health Sciences System Internal Review Board approved this historical cohort study and waived the need for patient consent. We used anesthesia billing data to identify all parturients who underwent Cesarean delivery during May 2008 to May 2013. To meet inclusion criteria in our historical cohort study, we hand searched each medical record for both a patient height B 148 cm and a diagnosis of dwarfism. Obstetric, demographic, and anesthetic data were extracted using a standardized form.
Results
Obstetric and demographic data are summarized in Table 1 ; neuraxial management is summarized in Table 2 , and airway management is described in Table 3 .
Two parturients delivered more than once during the study period (Patient 12A and 12B, and Patient 13A and 13B).
Our study population included patients with proportionate and disproportionate short stature. Patient 3 was the only parturient whose diagnosis was classified as proportionate dwarfism. The remaining patients were parturients with disproportionate dwarfism with varied etiologies, including osteochondrodysplasia such as achondroplasia ( Patients' heights ranged from 119-142 cm. While one patient was underweight, Patient 3 had a body mass index of 15 kgÁm -2 , the remaining patients were obese. Two patients were World Health Organization class I for obesity, six were class II, and six were class III.
Seven of 15 deliveries occurred in nulliparous parturients, while the remaining eight deliveries were in multiparous parturients. Ten of the 15 Cesarean deliveries were due to cephalopelvic disproportion documented in the obstetric record. One patient (Patient 3) underwent emergency Cesarean delivery due to non-reassuring fetal status on presentation to the triage unit. Two patients attempted vaginal delivery and subsequently required Cesarean delivery. One (Patient 4) delivered by Cesarean delivery due to non-reassuring fetal heart as a result of placental abruption. The other (Patient 11) had an operative delivery secondary to arrest of dilation in the setting of chorioamnionitis.
Neuraxial anesthesia was attempted for all deliveries except Patient 3 who required general anesthesia for fetal indications. Labouring women had epidural catheters in situ prior to Cesarean delivery. Surgical anesthesia was initiated using a combined spinal-epidural technique in four patients, spinal anesthesia in two patients, and epidural anesthesia in six patients. The drugs and doses used are shown in Table 2 .
Complications were varied. Difficulty with neuraxial placement occurred in nine parturients; six required multiple attempts, and in three of the nine, cerebrospinal fluid (CSF) could not be withdrawn during attempted combined spinal-epidural (CSE) anesthesia. Two parturients required conversion to general anesthesia due to inadequate neuraxial blockade (Patients 6 and 11). One patient (Patient 2) had a high spinal blockade necessitating general anesthesia, and another patient (Patient 9) likely had an unrecognized intrathecal catheter.
Four of the deliveries required tracheal intubation, three of which were under emergency conditions. The indications for general anesthesia included high spinal anesthesia with respiratory compromise requiring intubation (Patient 2), non-reassuring fetal status with inadequate time to establish neuraxial anesthesia (Patient BMI = body mass index; EGA = estimated gestational age; G/P = gravity/parity; Ht = height; MPS = Mallampati score; NR = not recorded; NRFHT = non-reassuring fetal heart tones; Pt = patient Anesthetic management of dwarf parturients 947 3), and failed neuraxial anesthesia (Patients 6 and 11). All intubations required only one attempt at laryngoscopy. Size 6.0-6.5 mm endotracheal tubes were used.
Discussion
Due to the heterogeneity of dwarfism, it is difficult to make generalizations concerning anesthetic management for delivery as the majority of reports in the literature are limited to individual case reports. [8] [9] [10] 12, 14, [16] [17] [18] [19] [20] Our study provides an evaluation of 15 deliveries in 13 parturients with a diagnosis of dwarfism and their anesthetic management for Cesarean delivery. This review better characterizes the responses to different anesthetic techniques in this patient population than provided by single case reports in previous publications.
Many parturients with a diagnosis of dwarfism must undergo Cesarean delivery due to cephalopelvic disproportion. 2, 7 The majority of the patients in our historical cohort were diagnosed with achondroplastic dwarfism. Their disproportionate short stature may increase the risk of cephalopelvic disproportion, particularly if the neonate is of normal stature. 2, 21 It is important to bear in mind that a subset of patients with dwarfism may indeed be able to deliver vaginally. Our data do not represent these patients as we identified our patients from Cesarean delivery anesthetic records. 7 The indication for Cesarean delivery in three of the parturients with failed labour was unrelated to cephalopelvic disproportion.
A neuraxial technique was attempted in almost all patients. Anesthetic dosing for neuraxial procedures may be of concern in patients with abnormal stature, as the high blockade could be catastrophic in patients with a difficult airway. The anatomical differences among dwarfism patients may account for the variation in drug dosage required to obtain adequate neuraxial anesthesia for Cesarean delivery. 9, 10 Successful CSE, epidural, and spinal anesthesia were achieved in our study population, yet the doses used were generally lower than those used in parturients of normal stature. [22] [23] [24] Given that adequate anesthesia was achieved in some patients with intrathecal bupivacaine 6.75-8.25 mg and epidural lidocaine 40-60 mg, it may be prudent to initiate anesthesia using a lowdose spinal as part of a combined spinal-epidural technique or to titrate epidural anesthesia slowly in order to avoid inadequate anesthesia or high blockade with single-shot spinal anesthesia.
The complications of neuraxial anesthesia in our series are similar to those cited in the literature. The difficulty with neuraxial analgesia placement is likely due to spinal distortion, increased incidence of scoliosis, thoracolumbar kyphosis, and lumbar hyperlordosis. 9, 10, 15 The majority of the patients in our study had difficult neuraxial placements requiring multiple attempts and an inability to obtain CSF during attempted CSE anesthesia. Moreover, the repeated attempts at neuraxial anesthesia may lead to unrecognized dural punctures. This may lead to unintentional intrathecal catheter placement and translocation of local anesthetic, which may result in an unexpectedly high blockade. In our series, one patient required emergency tracheal intubation as a result of a high spinal blockade. Another patient required extremely low doses of local anesthetic via her catheter to maintain adequate anesthesia, suggesting that, despite a negative test dose, her catheter was indeed intrathecal.
The skilled anesthesiologist may be concerned about difficulty with both mask ventilation and intubation due to the characteristic airway features associated with dwarfism, and there are numerous case reports to support this concern. 25, 26 We cannot comment on the difficulty of mask ventilation, as all intubations were performed via rapid sequence induction given the increased risk of aspiration in the parturient with dwarfism. 7 Though only few patients required tracheal intubation, our findings are consistent with those of Mayhew et al. who examined the airway and intubation of 36 dwarfism patients and reported no difficulty in airway management. 27 Similarly, Monedero et al. reviewed 53 general anesthetics in patients with mostly achondroplastic dwarfism and they found no airway complications. 28 Although we encountered no problems in securing the airway, our sample size is small; therefore, we cannot make generalizations about the safety of tracheal intubation in parturients with dwarfism. Given the anatomic abnormalities associated with dwarfism, the potential for difficult intubation exists; therefore, the anesthesia provider should be prepared with advanced airway equipment if concerns arise on physical examination to suggest a difficult airway.
There are limitations to our historical cohort study. We chose to concentrate on the anesthetic management of parturients with dwarfism requiring Cesarean delivery as many such parturients require Cesarean delivery 1, 7 due to anatomic considerations that increase the risk for airway complications 2, [8] [9] [10] and other anesthetic morbidities. 8, [11] [12] [13] [14] [15] Furthermore, we used anesthesia billing data, and since these billing records do not capture all labouring women, we were able to capture only those dwarfism parturients who had vaginal delivery with neuraxial labour analgesia. Therefore, our population consisted primarily of parturients with disproportionate dwarfism who might have different anesthetic requirements than parturients with proportional dwarfism. Achondroplastic dwarfism was the most prominent type of dwarfism in our study. This is consistent with the general population, as achondroplastic dwarfism is the most common type of dwarfism, occurring in 0.5-1.5 per 10,000 live births. 2, 21 The data presented in this study are retrospective, but given the rarity of this condition in the labour and delivery suite, prospective assessment may be difficult. Furthermore, while many of the parturients experienced difficulty with their anesthetics, data were not available to determine whether this affected their satisfaction.
In conclusion, our cohort highlights many of the challenges and complications associated with the anesthetic management of parturients with dwarfism. Considering that these potential difficulties may result in challenges in the delivery suite, we encourage preanesthetic counselling, including a complete history and physical examination. The focus of the examination should be on the patient's airway, cardiac and pulmonary assessments, as well as an examination of the patient's back to assess for scoliosis, thoracolumbar kyphosis, and lumbar hyperlordosis. As with patients with a history of back surgery, proper informed consent regarding neuraxial procedures in the setting of dwarfism should be thoroughly discussed with the patient. This discussion should include the possibility of prolonged placement time, a technically challenging procedure, risk of inadequate neuraxial anesthesia, unilateral blockade, unintentional dural puncture, intrathecal catheter, and total spinal blockade. 29 The use of ultrasound was not documented in any of our patients' records, and it is unlikely that ultrasound was used given the timing of the study during a period when ultrasound was not frequently used for neuraxial placement on our labour and delivery ward. Nevertheless, the use of ultrasound guidance for neuraxial procedures may be advisable in this patient population. In addition, patients should be prepared for potential awake fibreoptic 
